Intervention Cost-Effectiveness:

Chapter 2

Overview of Main Messages

Deeper understanding of the role of human health as a critical
component of economic development has stimulated interest
in improving the efficiency with which the modest health
resources available in low- and middle-income countries
(LMICs) are spent. In recent years, exponential growth in the
number of economic evaluations of health interventions,
spurred in part by the first edition of this volume (Jamison and
others 1993), has created a wider knowledge base for evaluating
the costs and benefits of interventions to enable better targeting
of financial resources in the health sector (box 2.1). Although
efficient spending on health has always been a desirable goal, it
is particularly critical in the face of recent threats, such as
HIV/AIDS and drug-resistant bacteria, as well as the problems
presented by increasing prevalence of chronic diseases, such
as diabetes and cardiovascular disease (CVD), that threaten to
roll back the significant health gains achieved in the past two
decades. This book is an opportunity to assess anew the costs
associated with and the health gains attainable from specific
interventions and thereby better inform the allocation of new
health funding.

Drawing from the collective knowledge and analytical work
of the many experts who have contributed to this volume,
this chapter provides a broader perspective on the relative effi-
ciency and effect on health of a number of interventions than
is possible in a single, condition-specific chapter.' The objective
is to provide information on the cost-effectiveness estimates
for 319 interventions covering nearly every disease condition
considered in the volume, and the resulting avertable burden
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of disease.” This chapter provides broad conclusions on the
economic efficiency of using these interventions to improve
health.

PRIORITY SETTING

Information on the costs of purchasing health in conjunction
with regional or national realities regarding disease priorities,
private willingness to pay for health, and public budget con-
straints can be used to identify widely prevalent investments
that are not cost-effective (shaded in figure 2.1) and highly
cost-effective opportunities to improve health that policy mak-
ers are currently neglecting. Throughout the chapter, “not cost-
effective” describes an intervention that has a relatively high
ratio of costs to effectiveness. The information provided also
may be helpful in identifying interventions that are not cost-
effective and are rarely used and cost-effective interventions
that are justifiably widely used (unshaded in figure 2.1). The
broad objective of this exercise is to help improve global popu-
lation health by improving understanding of the implications
of investing in different interventions. Some of the interven-
tions considered are widely prevalent, whereas others are less
well known. Although some interventions are personal, others
are population-based (see annex 2.A for definitions). They
encompass the spectrum of disease conditions covered in this
book but are by no means exhaustive of the universe of possi-
ble interventions.
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Box 2.1

Nearly 2 million people die from tuberculosis (TB) each
year, 98 percent of whom live in developing countries and
most of whom are 15 to 49 years old. Meanwhile, anti-TB
medicines are 95 percent effective in curing TB, even in
low-income countries, and cost as little as US$10 for a
six-month course of treatment or directly observed ther-
apy short course (DOTS). The TB chapter of the first edi-
tion of this book (Murray, Styblo, and Rouillon 1993) and
studies by Joesoef, Remington, and Jiptoherijanto (1989)
and Kamolratanakul and others (1993) describe treatment
of smear-positive TB with short-course chemotherapy as
an extremely cost-effective intervention for TB.

Since 1980, the World Health Organization (WHO) has
collaborated closely with many countries in East Asia and
the Pacific to introduce short-course chemotherapy and
then the DOTS strategy to achieve global targets, with a
cure rate of 85 percent and a case-detection rate of 70 per-
cent. In 1990, 10 countries were using short-course
chemotherapy. In 1993, as a result of growing TB preva-
lence rates, WHOQO’s declaration of a global emergency,

Use of Cost-Effectiveness to Set Policy: The Directly Observed Treatment Strategy

and studies showing DOTS’ cost-effectiveness, the DOTS
strategy was established worldwide as the most effective
response to TB. By 1995, DOTS had expanded to 73 coun-
tries, and by 2003, it had reached more than 180 countries
worldwide (WHO 2004).

As of 1999, DOTS has been implemented with the col-
laboration of WHO in 13 provinces of China and has
achieved a cure rate of 90 percent. The population in East
Asia and the Pacific with access to DOTS increased from
44 percent in 1995 to 57 percent in 1997, with the propor-
tion of registered TB patients who are enrolled in a DOTS
program also increasing, from 30 percent in 1995 to
46 percent in 1997 (WHO 1999). The progress is mainly
attributable to high-prevalence countries in the region,
which include Cambodia, China, and the Philippines.

By 2002, national TB programs reported that 69 per-
cent of the world’s population lived in countries or parts
of countries with DOTS coverage. DOTS programs
treated a total of 13.3 million TB patients and 6.8 million
smear-positive patients between 1995 and 2002.
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Figure 2.1 Efficiency of Interventions

Cost-Effectiveness

The specific measure of cost-benefit analysis adopted in this
volume is cost-effectiveness. Effectiveness is measured in
natural units (deaths averted and years of life saved) and in
disability-adjusted life years (DALYs), a composite measure
that combines years lived with disability and years lost to pre-
mature death in a single metric (see chapter 15 for an explana-
tion of how DALYs are calculated). Nevertheless, dollars per
DALY averted can at best be only one consideration in the allo-
cation of resources to different diseases and interventions. This

chapter also focuses on the total burden of disease avertable by
expanding population coverage of an intervention. The deliv-
ery of many interventions, including those that are relatively
cost-effective, may require a certain degree of institutional and
organizational capacity on the part of a health system, and
countries will have to pay attention to this important consider-
ation.’ These factors, in combination with other considerations
such as equity, social justice, medical suitability, and epidemio-
logical appropriateness, should guide where money may be
spent most effectively (Cookson and Dolan 1999, 2000).

Cost-effectiveness ratios can be used to set health priorities
in two ways. One approach is to use a cutoff level of cost-
effectiveness beyond which interventions are no longer used.
This cutoff can vary from place to place depending on the
availability of health resources, the disease burden, and the
local preferences for health spending. The World Bank has
described health interventions that cost less than US$100 per
year of life saved as highly cost-effective for poor countries, but
this benchmark is arbitrary, as chapter 15 makes clear by not-
ing the interaction with income, budget levels, and the disease
burden (Jamison and others 1993).

An alternative approach to using cost-effectiveness data to
set intervention priorities is to interpret the cost-effectiveness
ratio as the “price” of equivalent units of health using different
interventions (box 2.2 explains this approach). Reinterpreted
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Box 2.2

A Framework for Using Cost-Effectiveness Information to Set Health Priorities

A frequent, often justified, criticism of cost-effectiveness
analyses is that they address only one of many criteria
that could be used to evaluate health interventions.
Epidemiological, medical, political, ethical, and cultural
factors often also play important roles in the decision to
allocate resources to a specific health condition or inter-
vention; however, determining how one might weigh cost-
effectiveness ratios alongside these other considerations
when setting priorities for spending is difficult. Musgrove
(1999) shows how to take some of these connections
into account, including circumstances in which cost-
effectiveness is an adequate criterion by itself. One
approach is for the policy maker to think of cost-
effectiveness ratios as the relative “price” of purchasing a
unit of health (a DALY, for instance) using different inter-
ventions. These costs, along with the budget constraint, can
help determine the optimal allocation of resources among
a given set of interventions.

Consider, for instance, a policy maker in a country in
Sub-Saharan Africa facing the choice between treating
Parkinson’s disease and expanding malaria treatment pro-
grams while constrained by a fixed budget allocated by the
ministry of finance. The cost per DALY averted of treating
Parkinson’s disease using carbidopa is vastly greater than
that for the malaria control program. A simplistic interpre-
tation of the cost-effectiveness information would be to
expand the malaria treatment program to the maximum
extent possible before turning to the treatment of
Parkinson’s disease. This solution could be desirable in
some situations, particularly if the budget is large enough to
deal fully with the malaria problem and still allow for some
treatment of Parkinson’s. Emphasizing as complete cover-
age as possible of a particular problem may be especially
appropriate in an epidemic situation, in which turning to
another disease first can mean the epidemic will be worse in
the future. Devoting some resources to each problem
instead of concentrating on either may be more sensible
when neither presents the threat of a growing epidemic.

Asking policy makers to make a binary choice between
two sets of interventions on the basis of cost-effectiveness
ratios alone may be unrealistic and misleading. Rather, pol-
icy makers should first determine their willingness to trade
off health improvements in children (malaria) versus the
elderly (Parkinson’s). Policy makers may want to avert at
least some burden from Parkinson’s even if these cases are
relatively expensive to treat for each unit of health gained
because of such considerations as the target age group, the

socioeconomic status of target populations (including the
extent to which they can obtain treatment from their own
resources), and the ministry of health’s ability to deliver
the program effectively. After the tradeoffs have been made
and can be represented by an indifference curve (see the
figure and explanation), the cost-effectiveness information
is useful in determining how much of the policy makers’
fixed budget should be allocated to each intervention—
that is, at what coverage of one problem should they start
devoting resources to the other? The indifference curve
represents health planners’ willingness to trade off between
investment in antimalarial drugs and treatment for
Parkinson’s based on all the relevant factors and independ-
ent of the budget constraint.
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from treating \

Parkinson’s |~ \\

disease hN
\\\\

DALYs gained from
treating malaria

The solid line represents the budget, and its slope is the
ratio of the cost-effectiveness ratios of the two interven-
tions. The dashed line represents an alternative scenario in
which the cost-effectiveness of treating Parkinson’s is bet-
ter (more DALYs can be gained) than the ratio represented
by the solid line. The axes show how many DALYs can be
gained from each treatment, so a large number of DALYs
corresponds to a low “price” of health or cost per DALY.
The figure shows the simple case, in which these prices are
constant for either budget line—that is, expanding either
program does not raise the unit cost—although this case is
unlikely when part of the population is difficult to reach, is
harder to treat, or has more severe disease, in which case
the rise in unit cost means that an intervention becomes
relatively less cost-effective, giving a further reason to start
devoting resources to an alternative intervention.

When the price of buying a unit of health to treat
Parkinson’s is relatively high in terms of cost per DALY
averted, the relatively flat (solid) budget line applies, and the
optimal balance of investment in the two interventions is at
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Box 2.2

Continued

point X. If the cost of buying a unit of health to treat
Parkinson’s is relatively low, then the steeper (dashed)
budget line applies and the relative allocation of resources is
represented by point Y. Therefore, policy makers would
allocate relatively more resources to treating Parkinson’s
when the price of buying a unit of health through this inter-
vention is relatively low, and they would allocate fewer
resources when the price of health obtained through this
intervention is relatively high. The figure shows the general
likely shape of an indifference curve, but one possibility is

that policy makers’ willingness to trade off between buying
health from the two approaches is just a straight line, in
which case they would want to invest the maximum amount
possible in the lower-cost intervention (malaria) before
turning to the higher-cost intervention (Parkinson’s). The
role of the cost-effectiveness information is to make policy
makers aware of differences in the price of improving health
using different interventions. Interventions with a high
price should, all else being equal, be used less, whereas those
with a low price should be used to a greater extent.

this way, there is no one-dimensional economic criterion that
interventions must attain to be declared economically fit, and
cost-effectiveness plays the more useful function of informing
tradeoffs that policy makers are forced to make when investing
in a portfolio of health interventions.

Target Audiences

The general notion of efficiency in how resources, both public
and private, are spent on improving health is of interest not
only to severely resource-constrained countries that each year
spend only a few public dollars on health for each individual,
but also to relatively wealthier nations with many competing
priorities for public and private resources. The primary audi-
ences for cost-effectiveness information are ministries of health
and finance and policy makers in other branches of govern-
ment in LMICs, both to help reallocate existing outlays in the
health sector and to allocate new monies efficiently. Other
audiences include aid agencies, international development
lending institutions, nongovernmental organizations, and pri-
vate health care providers.

Priority Setting in the Private Sector

The use of the efficiency criterion in priority setting should not
be limited to public resources. A large proportion of health care
in developing countries is paid for out of pocket, and greater
clarity on interventions that are efficient from an economic
perspective is no less urgent when the payer is private: ineffi-
cient private spending on health care in developing countries is
wasteful as well. Much of this inefficiency may be attributed to
significant differences in knowledge—termed information

asymmetries—between profit-making providers and patients.
Private providers may encourage unnecessary procedures and
excessively invasive procedures that, in some instances, can be
more dangerous than no treatment at all. Governments have a
role to play in lowering these information asymmetries, partly
by providing information to populations, for instance, on the
importance of childhood vaccinations. Moreover, even if gov-
ernment expenditures are not directly influenced by the lack of
efficiency in privately delivered health care, they are affected by
the inefficiency of private health systems if private patients seek
public emergency care or require other state assistance. In their
role as large purchasers of health care, governments—even in
largely privately financed health care systems, such as in the
United States—exercise enormous influence over the choices of
drugs used and interventions provided and can play an impor-
tant role in promoting policies to facilitate greater efficiency in
health care systems.

The costs and efficacy of interventions may vary greatly,
even within a single geographical region, depending on local
health system capacity, cultural context, disease epidemiology,
and a host of other factors. Greater efficiency in how countries
spend their health care resources can have a tremendous effect
on the health of their populations. Box 2.3 discusses gains from
improved priority setting found in the lifesaving study by
Harvard University (Tengs 1997; Tengs and others 1995).

METHODOLOGY

This chapter compares the cost-effectiveness of interventions
that cover a broad spectrum of health conditions prevalent in
developing countries. All results are presented in U.S. dollars
discounted to the year 2001 using a 3 percent annual discount
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Box 2.3

The Harvard Lifesaving Study

A study by Harvard University in the United States
showed potential gains of life years saved by choosing
interventions on the basis of their cost-effectiveness. The
study’s authors assessed more than 500 types of lifesaving
interventions, defined as any behavioral or technological
strategy that reduces the probability of premature death
among a specified target population. The study focused on
185 interventions and the extent to which each interven-
tion was currently being implemented, without taking its
cost-effectiveness into account.

The authors estimated that the selected 185 interven-
tions would cost US$21.4 billion per year and would save

Sources: Tengs 1997; Tengs and others 1995.

592,000 life years. The same amount of money could have
saved another 636,000 life years had funds been redirected
from less to more cost-effective interventions. Following
an assessment of varying factors regarding interventions—
those that affect the most people and are the most effective,
least cost, and most cost-effective—the study reports that
if the goal is to save the most life years, cost-effectiveness is
a useful approach that will result in the most efficient allo-
cation of resources. The study indicates that choosing the
most cost-effective interventions could double the life
years saved.

rate. Chapter 15 summarizes the general guidelines governing
the analysis leading to the results reported for all LMICs.

Regional Variations

Where possible and appropriate, intervention cost-effectiveness
ratios and other information have been disaggregated by World
Bank region. In discussing the estimates, this chapter focuses
on differences in the costs of interventions rather than on
differences in their effectiveness in specific regional settings,
although both contribute to differences in cost-effectiveness
estimates across regions. Cost-effectiveness estimates also differ
among regions because of variations in underlying mortality,
age structure, disease prevalence, and efficiency with which
interventions are implemented. The analyses take all but the
last of these considerations into account.

Interregional cost differences are attributable to differences
in the local costs of goods and services that are not easily trad-
able. For components that are tradable, such as patented drugs
and specialized medical equipment typically imported from
industrial nations, the analyses assume uniform international
costs for all LMICs, usually adjusted for local transportation
and distribution costs. By using a single composite set of
resource costs for each region, the analyses mask intraregional
differences in the costs of nontradable goods, such as physician
time or hospitals, but this methodology is appropriate because
results are presented only at the level of the region.
Interventions may differ in cost-effectiveness because they are
targeted more appropriately to some age groups rather than
others, and important gender differences may also exist in cost-

effectiveness for some conditions, but data to estimate such
differences are lacking.

Caveats

The findings in this chapter are subject to a number of caveats.
First, despite efforts to ensure the consistency of cost-
effectiveness numbers across chapters, the approaches taken in
arriving at these numbers vary significantly. Although some
chapters rely on cost-effectiveness numbers drawn from the
literature, other chapters have analyzed these numbers afresh
using the standardized resource costs described elsewhere.
Table 2.1 contains definitions of indicators used to assess the

Table 2.1 Quality of Cost-Effectiveness Evidence for
Interventions

Level Source of cost-effectiveness evidence

1 Literature review of one cost-effectiveness study in one country

2 Literature review of several cost-effectiveness studies for multiple
countries

3 Literature review of several cost-effectiveness studies for a single
intervention in a single region

4 Original economic analysis by authors following the volume editors’
guidelines in one country

5 Original economic analysis by authors following the volume editors’

guidelines in one region

Source: Authors.

Note: Standard region-specific age structures and underlying mortality rates were used to calcu-
late DALYs. Nontradable inputs were converted into U.S. dollars at the market exchange rate. The
costs of tradable inputs were assumed to be internationally consistent, as were the costs associ-
ated with surgical treatments.
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quality of evidence on which the cost-effectiveness estimates
are based. The tables in annex 2.B and annex 2.C indicate the
quality of evidence associated with each intervention.

Second, almost without exception, the cost-effectiveness
numbers do not vary with the scale at which the intervention
is undertaken, and this is probably not the case in reality
(Birch and Donaldson 1987; Johns and Torres 2005). Some
interventions, such as vaccination programs, have large setup
costs but marginal costs of extending coverage that decline at
least initially. Other interventions, such as educational cam-
paigns for condom use, may be easy to target to urban popula-
tions, but the marginal costs of expanding such interventions
to relatively inaccessible populations increase with coverage.
Therefore, many of the cost-effectiveness ratios presented here
are useful only for modest increments in coverage, and separate
analyses may have to be conducted to determine their applica-
bility to program start-ups and larger-scale intervention
changes.

Third, the cost-effectiveness numbers presented apply to
countries whose institutional and technical capacity in relation
to health is close to the average for the region. This evaluation
is restricted to what countries could do more (or less) of,
and clearly a more ambitious analysis would also cover what
countries could do better. This issue is discussed in detail in
chapters 3 and 70.

Finally, the estimates are based on the best available data,
which in many cases are somewhat weak. Statistically derived
confidence bounds for the cost-effectiveness estimates are not
provided, and in most cases, uncertainty analysis has not been
carried out. Readers are encouraged to pay attention to the
order of magnitude of each estimate rather than to the specific
number presented.

ASSESSING THE EVIDENCE ON THE
COST-EFFECTIVENESS OF INTERVENTIONS

Figures 2.2 and 2.3 display results gathered from other chapters
on cost-effectiveness ratios. In some cases, interventions are
grouped on the basis of their similarity and whether they were
personal interventions or population-based interventions. For
instance, all population-based programs to prevent HIV trans-
mission via contaminated blood and needles were grouped as
a single intervention. Note that the cost-effectiveness ranges
should not be interpreted as statistical confidence intervals but
rather as a range of “best estimates” of cost-effectiveness incor-
porating variation across interventions included in the cluster.
Ranges for the cost-effectiveness ratios are also attributable to
variations in the epidemiological settings in which these inter-
ventions were evaluated. For example, a population-based pri-
mary intervention in an area of low prevalence is likely to be
less cost-effective than the same intervention in a region of

high prevalence. Figure 2.2 reflects sets of interventions dealing
with high-burden diseases, and figure 2.3 deals with relatively
low-burden diseases.

Within each figure, intervention clusters are displayed in the
order of increasing cost-effectiveness. Additional information
on the setting, objective, and target population of each interven-
tion cluster for which cost-effectiveness has been calculated is
provided in annex 2.B. The tables in annex 2.B also provide
information on the quality of the evidence on which the data
presented are based. Furthermore, the annex tables present
information on potentially avertable deaths and DALYs if the
coverage of these interventions were expanded by a further
20 percentage points of the relevant population (scaling up from
62 percent means reaching 82 percent, not 74 percent, of the per-
tinent population). Care should be taken not to confuse this
information with the current burden of the underlying disease,
on which basis interventions were divided into high-burden
and low-burden diseases (figures 2.2 and 2.3, respectively).” For
example, a cost-effective treatment for CVD has only limited
scope for increased scale of intervention in countries with a low
burden of this disease. At the same time, in many parts of Asia
and Sub-Saharan Africa, even though HIV treatment is not a
highly cost-effective intervention, it deserves attention because
of its sizable potential for lowering the disease burden.

The tables in annex 2.C summarize information on inter-
vention clusters for which cost-effectiveness was evaluated with
a metric other than DALYs. For these interventions too, details
of setting, objective, target population, and quality of the evi-
dence have been provided. Given the difficulty in comparing
these intervention clusters with those evaluated using DALYs,
they are excluded from figures 2.2-2.5.

Observations about specific interventions follow. Ranges of
cost-effectiveness estimates shown reflect geographical varia-
tions across regions.

Prevention and Control of Tuberculosis

The treatment of all forms of active tuberculosis (TB) using the
directly observed treatment strategy based on short-course
chemotherapy is among the most cost-effective of all interven-
tions available to improve health in LMICs (US$5 to US$35 per
DALY averted except in Europe and Central Asia) (box 2.1).
The bacillus Calmette-Guérin (BCG) vaccination for children
is also cost-effective (US$40 to US$170 per DALY averted), but
its main effect is to reduce the burden of severe TB in children
(TB meningitis and miliary TB). Because BCG has relatively
little effect on the huge burden of pulmonary TB in adults—
which constitutes the major cause of ill health resulting from
Mpycobacterium tuberculosis—development of a new vaccine
that targets adults is highly desirable. The treatment of latent
TB in patients uninfected with HIV is relatively cost-ineffective
(US$4,000 to US$25,000 per DALY averted), but it is more
cost-effective for groups of patients who are coinfected with TB

40 | Disease Control Priorities in Developing Countries | Ramanan Laxminarayan, Jeffrey Chow, and Sonbol A. Shahid-Salles



SOIINT Ul saseasiq uaping-ybiy 01 palejay SUORUBAIBIU| JO SSBUBAIIBYT-1S0) Z'Z aInbil4

*Bnup aul|-puodas Jo -1suiy se suiweyyawiAd-auixopeyns pue Bnip auil-puodas se Adelayy uopeulquod u

Isiwaye ‘Bnup aull-1siiy se auinbolojygy -2
‘uoneziunwuwi uo weliboid papuedx3y = |43 q

"uoljeulwassIp uonewojul pue ‘uoinonpal Aiddns ‘suonarisal bupjows ‘sueq BuisiaApe apnjaul uooIppe 093eq0) J0j SUONUBAIBIUI 3dLIdUON ‘B

"2°0°T PUB |'°Z 3] B} XaUUR 88S ‘S)UN JBY10 Ul Pa0dal SSBUBAIIIBYB-1S0I UM SUOIIUBAIBYUI 104 *3.nBij SIY) Ul papn|aul a1e SATY(Q JO SW.8) Ul paliodal SSaUBAIIBY3-1S0I YNIM SUoRUBAIBUI AjuQ 'Z'g'Z pue

1'g°Z S8|qe] Xauue aas ‘yoea Ul paJan0d suonuanIalul o1y19ads ay) Buipn|aul ‘s181snja UOIIUBAISIUI 8SBYL JO S|IBIap 104 siaydeyd ay) ul papiodas sajewnsa ay19ads-uoifial sy jo abesane pajybiam-uone|ndod e woiy paje|najes Jo ‘siaxdeyd ayy
uj papodal sajewnsa abued o Juiodpiw ay) se paje|ndjes ‘siaydeyd JUBAS|aI BY) WO A}O3IIP PAUIBIGO 8I3M SJ||\] 404 SBIBLISE JUI04 "S[BAISIUI 3IUBPHUOD [BINSNELS J0 SUOIBAI SS0IIE UOIRIIBA JUSSaIMa. JOU Op PUB JBISN|I UOUBAIBIUI
428 Ul papn|aul SUOIUBAIBIUI D1193ds 10} SOIR] SSBUBAIIIBY-1S0D Jo sajewnsa Juiod uj abuel ayyjussaldal sieg "SATYQ UOI||IW GE ey} J81ealb sem uaping ajqeHaAe 830} 113y ji SJ|IA] 40} uaping ybiy paiapisuod aiam saseasiq a0

(pauane ATy @ Jad $SN) ol3el SSBUBANIBYS-1S0)
000°001 00001 000 0oL 0L
1 1

"BOLY UBJRYRS-QNS = YSS
'sloyIny ;89108

uonowoud auaibAy :aseasip Jeayuelq

siapuodsal isiy >m_ yum saipaweused Jaajun|on Buiuiely :a1ea Asuabirawy

Ixopey|ns ueyy Jayjo sbnip £_>> >o=m=mmma Ul Juawieal) anizuanaid Juaiwialul
1 Hapydip ‘sisojndlagny

$)8U pag pajean- mu_ozomw: eLeey
1990]g-B38q pue uLidse yumjuawah
BuiAeids pjoyasnoy |enpisa. :emejepy
aulweylawuAd-auixopejns yum Asueubaid ul Juswieas) aanuanaid JusniwiLlul ;LR RN

asealaul aaud y,eg Buisnes uonexe) :uonaippe 099eqo)

sdnoib ysu-ybiy Joy sweiboud uoneanpa pue Jaad :SQIV/AIH

9 Jo yuawabeuew pajeifajul :ssauj|i pooypliyy

uonunu yum wedboud [eainins piya :(sieah y-p) ppya ybramiapun

panwi| st Ajddns Jajem uea|d aiaym AdeaoApe yym uonenfial 10198s Jalem :aseasip |eayiselq

Bunsal pue Buijasunod Areyunjon :sajv/AIH

npe Jad 0g'0$ 1. 184 pajesnmesunAjod yum ey suesy jo oz Bunnnsgns uone|siba| :aseasip Aiapie Areuoio)
Juawieal) yum sisoubelp suonoasyul paniwsue.) Ajjenxas :Saiv/AlH

8ulooeA 9] g :(91wapua) siso|naiagn]
uonnqLasip pue uonowold wopuoa :§aIv/AIH
Kiajes ajpasu pue poo|q :sAIV/AIH
AdeJayiowayd 8sin02-poys pariasqo Apoaaaip i
aoue|nque Ayunwwod pajels :a1ed Aouabiawg

JuawW)eal} pue uoiuUaAaId UOIIBJUI-0 SISONIIBGN} :SAIV/AIH

9 Ajunwwod Jo [eydsoy Ja13SIp Ul S82IAIBS 10 piem |ealbins :A1afans Buuinbal swajqoid
pajwi| a.e S3I)[I0B) 813YM UOIBIUES JISE( JO UOIOWOId puB UOHINIISUOD :aseasIp [eaylielq
uidse yyumua anoe i

SI1}AINIP YHM ‘13%90]¢-BI8q pue _25_::_ awAzua m:_tméoo uisuajolbue :anjiey peay aansabuoy
jJuawieal} uonaajul onsiunpoddo :SAIV/AIH

paywi| st Ajddns Jajem uea|d alaym uoiaauuod asnoy Jo ‘ysodpuels ‘dwnd puey :aseasip |eayuielq
wsueJ pjiya-ol-Jaylow :salv/AlH

Juawieal) pizeluosi :(yuaje| ‘onuapida) sisojnasagny

aouejsisal Bnup jo Juawabeuew :(anwapida) sisojnasagny

aulaoen juajeaejuad :snueja) pue ‘sissnuad ‘epayydip ‘g w:.—a._c_._ q adhy aezuanyur snjiydowaey
AdeJaylowayd 8s1N09-HoYs PaAIasqo Aj3oalip :(snok ) siso[nasaqny
aoue)sisal Bnup Jo Juawabeuew .u.E%:aI_me_:u._ua__h
eSUONUBAIBIUI BILIdUOU :uONDIPpPE 099BG0)

Adesayriu |daJ auno nalppe 029eqo)

sjana| [endsoy pue ‘Ayjioey ‘Ayunwwoa je abexoed Juawabeuew ases :(sieal p-0) uonoajul Aiojesidsal aynae 1amo
e1a1 abelanaq 0} $$899€ paanpal pue ueq Buisiuanpe :asnqe |oyoa|y

1dAjod yum uonusaaid Alepuodas :ayoi)s pue uonaiejul jeipieaokpy

90IAPE JaLiq YHM ‘ueq Buisiuanpe ‘xe} aslaxa :asnqe [0Yod|y

J10300p a.ed yyeay Asewnd Aq a91Ape Jaliq :asnqe joyod|y

1800]q-B18q pUB ULIdSE YiM ‘aseupyoidalis yum
8189 awoy :SAIV/AIH

Joyqiyu awAzua buiiaauoa-uisuajolBbue [euondo yum ‘18320|g-e13q ‘ullidse :aseasip ueay a1wayos|
jnpe Jad g$ 1e 1} pajeiniesunAjod yum Jej suell Jo %z Bunninsqns uone|sifa| :aseasip Asape Areuoio)
Adesayy |esinonainue :SaIv/AIH

owoJd Buipasjisealq :aseasip |eayiel
mnowam Jad 0g°g$ bunsoa mamv_umn 10} >aEm£ uoneipAyai |eio :aseasip |eayuelq

9]kl Xe) 8S19Xa Ul 9SBAIUI %0G-GZ :asNge [0Yod|y

Juauieal) [e120soydAsd aoueuajuiew Jo aiposida jeuondo yum sbnip :uoissaidag

1u8U09 J|es 3dnpal 0} uoieanpa aljgnd yum uone|siba| :axous pue Iwayas ‘sajaqelq
J103eAioe uaboujwse|d anssi Jueuiqui0oal pue ::mnm; yum 1 1wayast) ayois
J1o)qiyut awAzua Buiaauoa-uisualoibue pue ‘18)90(q-e1aq ‘ullidse Yum ‘une)s :aseasip ueay Jwayas|
yoeoudde ysu anjosqe Aq |dAjod :aseasip peay a
1e} pajeJnies aanpai o} ubledwes eipaw :@yous pue
uoneZIUNWLWI SNJIARIOJ 10 BJB|0YD :3Seasip |eayiielq

SUOIIUBAIB}UI JBY}0 pUE SaIUaLWE Jo 3Be1an0d Jua.1Ind e uolelues pue 1ajem panoiduw
JUBWIEaJ} PIZeILOS] :(JUa)e] ‘O1Wapua) siso[naIagny
19%90]g-B38q puk uuidse yum ‘101eanae uaboulwse|d anssi yum
yjeub ssedAq Asapie Aleuoiod :aseasip yeay a1uayas|

ewooJes s,isodey Jo Juauineas} :SaIv/AIH

anoe: Jut |e1paeachy

123Ul “dlwaplda) sisonalaqn)

anoe Jui je1pieaoky

seasip |eayuelq

1 93n0e 1 [eipreaohy

Intervention Cost-Effectiveness: Overview of Main Messages | 41



S9|INT Ul saseasiq uaping-moT 0} pale|ay SUOIUBAIBIU| JO SSBUBAIDAYT-1S0) €7 ainbig

"Z°0°T PUB |")°Z SB|qB) X3UUE 83S ‘SHuN Jaylo ul panodal SSaUBAIII88-1S09 UM SUOIUSAIBIUI 104 *3InBiy SIY} Ul papnjoul 81e SATY(Q 4O SWIa) Ul papiodal SSaUBAIZI88-1S09 UM SUORUBAIBIUI AjuQ "Z'g°Z Pue |'g°Z S8|qel

X3UUe 83s ‘yoea Ul PaIaA0d SUOIUBAIBIUI O1193ds By} Buipnjaul ‘S181SN|d UOHUBAIBIUI 8SBY) JO S|IR1ap 104 "siaideyd ay ul papiodal sajewisa ay10ads-uoibal ayy jo abelane payybiam-uoneindod e wouy paye|najea Jo ‘siaydeys ayy ui
papodal sajewnsa abues jo Julodpiw ay) se paje|najes ‘siaydeyd JueAa|al 8y} woiy Ajoalip pauleIqo aiam sJ||\] 104 SBIBLIISS JUI0d "S|BAIBIUI 3IUSPHLUOD [BIIISIIEIS JO SUOIBBI SSOI9E UONELIBA JUBSAIdal JOU Op pue J3ISN|d UOIIUBAIBIUI
288 Ul PApN|oul SUOIIUBAIB)UI D1J198dS 10} SOIIRI SSBUBAIBYA-1S09 40 sajewnsa juiod up abues ayyjuasaldal sieg "SATYQ UOI||IW GE UBY) SSB| SBM UBPING B]qeLIBAR [BJ0} JIaY} JI S|\ 404 UBPING MO| PaIapISU0D aIam saseasi(] a10p

"SI0YINY ;89108

(pauane ATy (Q Jad $SN) 01eI SSBUBAIIBYB-1S0Y

000°00L 000°0L 000°L 00L ol l
1 1 1 1
1 9|0zepUA(|E SYJUIW|aY papiwsues)-|10§
1 Aujiaey paxiy e uj uoneurdaea Ayunuoddo puoaas :sajseajy
1 uawieas) yum Buipuly ases :siseluewysial
1 uoneuiwa) Aoueubaid jo uondo yum Buiuaalas [ejeusid :awespuls umoq
[ ] sdwng paads pue ‘subiedwe eipaw ‘uawaalojua ‘sanjeuad Buipaads pasealoul [spuapioge suyel)
1 UIJ93ULIAAI Y)IM JuaWeal] [SISeI191320youQ
1 sweJboud uonuinu pue yljeay |0oyds :y3jeay Juaasajopy
1 Aabuns siseiyau) :ewoyoes)
1 s)|es uonespAyal [eJo yum syuawa|ddns :(sieal §-g) Aou: ap auiz
] ajowepuAdip pue uuidse yum uonuanaid Alepuodas :@jons
1 |engJeqouayd yyum Juawiealy aull-isiy :Asdajidy
1 sweJboud Buiuue|d-Ajiwey :satoueubaid payuemupn
I 1ana] Auj19e) Jo AjUnWWo9 Je sasea a1anas-uou jo Juswabeuew ases :(s1eak y-g) uonaajul Aojesidsal anae 1amo
1 Asabuns Jensdeaeuxa ;joesejes
1 abeyoed uonuanu pue yjeay pjiya paulelsns :(sieal p-0) uonLINUjRW pUB UONLINWIAPUN
1 juawabeuew ases panoisdw :anfuag
1 aujooen bujureiuoa-g adAy aezuanyui 'Y :g adAy aezuanpui snjiydowaey
I Juawiea) [e1oosoyaAsd [euondo yym sbnip :1apaesip alueq
[ edopiq.ea 10 edopoAa| pue Juawieal} dpaainAe :aseasip s,uosunjied
1 sa163]e1s JO XIW ‘UOIIBUIDOBA PIOX0) SNUBJA) [SNUB)d |
1 uoneziunwuwi :anbuag
1 Awoyoalapepua pinoled yum uonuanaid Alepuodas :ajons
[T Buisay yrealq JBALIP WOPUBI pue ‘sjules)sal pjiyd jo uonowo.d ‘Sme|jagieas Jo JUaLII0Jua :SUBPIGJE dlyjel]
[ 1013u09 103934 :anbuag
| AsaBuns 1o auiBenowe| yum [eygieqouayd Jo Juawiealy aul puodas :Asdajidg
[ paseq-Ayunwwod ‘quawieal) [e1aosoyaAsd [euondo yum ‘ajeosd|ea ‘wniyy| 1apiosip sejodig
] paseq-|endsoy ‘Juawieau [e1oosoydAsd jeuondo yum ‘ajeosd|ea ‘wniyy 1apiosip sejodig
] 1ana| [endsoy 1e sasea a1anas AJan pue a1anas jo Juawabeuew ases :(sieak p-0) uonoajui Aiojesidsal ajnae 1amo
I sjuawieal) uldAWoIYlIZe J0 BUIj9ADEI}A] (BWOYIRS |
I paseq-Ayunwwod quawiealy |e1oosoydAsd [euondo yum sbnip anoyaAsdiue :eiuasydoziyog
[T paseq-|endsoy ‘yuawiea [e1aosoyaAsd jeuondo yum sbnip anoyaAsdnue :eiuasydoziyog
1 uonjeurdaea :g spneday
1 uone|nuwns utesq daap yum edopiqled 1o edopona) :aseasip s,uosunjied

42 | Disease Control Priorities in Developing Countries | Ramanan Laxminarayan, Jeffrey Chow, and Sonbol A. Shahid-Salles



and HIV. In the context of TB control, antiretroviral therapy
for HIV/AIDS is likely to be useful in extending the lives of
patients successfully treated for TB.

Multidrug-resistant TB is much more expensive to treat than
drug-susceptible TB—2 to 10 times the cost of standard first-
line regimens for drug-susceptible TB—and this is one reason
why priority should be given to preventing its emergence and
spread. The management of drug resistance through the use of
a standardized regimen that includes second-line drugs costs
roughly US$70 to US$450 per DALY averted. Individualized
treatment regimens for multidrug-resistant TB—that is, with
drug combinations adjusted to the resistance pattern of each
patient—are more costly but usually yield higher cure rates.
Individualized treatment is harder to implement on a large scale
but may not be less cost-effective than standardized treatment
with regimens that include second-line drugs. The set of
interventions needed to manage drug-resistant TB and TB
associated with HIV requires higher levels of investment than
the basic directly observed treatment strategy, but its cost is still
typically less than US$1 for each day of healthy life gained.
Thus, a strong economic argument exists for integrating such
interventions into an enhanced strategy for TB control.

Prevention and Treatment of HIV/AIDS

Despite the scale and relentless progression of the HIV/AIDS
epidemic, important strides have been made in developing
cost-effective interventions for both prevention and treatment.

Prevention. Although remarkably little rigorous evaluation
has been conducted, population-based programs to prevent
HIV/AIDS appear to be highly cost-effective approaches in
countries with high HIV/AIDS prevalence where the epidemic
is generalized. These programs include voluntary testing and
counseling (US$14 to US$261 per DALY averted); peer-based
programs to educate high-risk groups, including sex workers
and injecting drug users (US$1 to US$74 per DALY averted);
and social marketing, promotion, and distribution of condoms
(US$19 to US$205 per DALY averted). Programs to improve
blood and needle safety, while highly cost-effective (US$4 to
US$51 per DALY averted), are limited in terms of the burden of
disease they can avert.

Prevention of mother-to-child transmission using a single
dose of nevirapine in generalized epidemic settings (US$6 to
US$12 per DALY averted) stands out for its combination of well-
documented high cost-effectiveness and significant avertable
infections and deaths. Treatment of sexually transmitted
infections to lower the risk of HIV transmission, although less
well proven, also appears to be highly cost-effective (US$16 to
US$105 per DALY averted).

Treatment. For care of people living with HIV/AIDS,
treatment of most infectious opportunistic infections is cost-

effective (US$10 to US$500 per DALY averted), with treatment
becoming significantly more cost-effective for patients who
also have access to antiretroviral treatment. Few studies evalu-
ate the cost-effectiveness of providing antiretroviral treatment,
and even these are limited to clinical trial settings and are not
directly applicable to the resource-poor settings in which anti-
retroviral treatment is being expanded. Economic evaluation of
the cost-effectiveness of antiretroviral treatments based only on
health outcomes for the treated patient is incomplete because
of the large nonhealth impacts of HIV/AIDS and the effect of
treatment on prevention of HIV transmission.

The cost-effectiveness of antiretroviral treatments is highly
variable across settings as a function of drug prices and adher-
ence rates. In low-cost settings with high adherence rates, anti-
retroviral treatment is moderately cost-effective (US$350 to
US$500 per DALY averted); however, it can be a significantly
poor value for resources spent in low-adherence settings if drug
resistance is allowed to emerge and proliferate. Little is known
about how to achieve necessary adherence levels (80 to 90 per-
cent) at large scale at an affordable cost in low-income settings.
To this end, research on effective, low-cost interventions to
achieve long-term adherence to antiretroviral treatments
(using support groups and other complementary interven-
tions) in resource-poor settings is an urgent priority.

Childhood llinesses and Mortality among
Children under Five

Neonatal mortality rates and mortality rates for children under
five can be reduced by large margins, at an affordable cost, by
using interventions proven effective in low-income settings.
Improvements are likely to come from increasing the coverage
of preventive measures, such as breastfeeding, and from
expanding the scope of existing childhood vaccines beyond the
traditional six antigens in areas where existing coverage is rela-
tively high and where new antigens address diseases of signifi-
cant burden, particularly pneumococcal vaccines. Curative
interventions—including case management of acute respira-
tory infections, malaria, and diarrhea—hold promise for lower-
ing the 6 million preventable deaths each year in this age

group.

Neonatal Mortality. An estimated 4 million deaths occur dur-
ing the first 28 days of life, accounting for 38 percent of all
deaths of children under five. Causes include infections (36 per-
cent, including neonatal sepsis, pneumonia, diarrhea, and
tetanus), preterm birth (27 percent), and asphyxia (23 percent).
Intensive care is not required to save most of these babies.
Developed countries and some low-income countries—for
instance, Sri Lanka—have achieved neonatal mortality rates of
15 per 1,000 without intensive care, which is less than a third of
current neonatal mortality rates in Sub-Saharan Africa.
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Adding a set of community-based interventions—including
promoting healthy behaviors, such as breastfeeding, and
providing extra care of moderately small babies at home
through cleanliness, warmth, and exclusive breastfeeding, plus
community-based management of acute respiratory infec-
tions—to the standard maternal and child health package is
likely to be highly effective. The cost of a year of life saved using
this approach could be as low as US$100 to US$257 in India
(US$221 to US$568 per DALY averted) and US$100 to US$270
in Sub-Saharan Africa (US$183 to US$493 per DALY averted).
Use of these approaches is feasible now in most countries.
Adding a clinical package that includes essential newborn care
(warmth, cleanliness, and immediate breastfeeding); neonatal
resuscitation; facility-based care of small newborns; and emer-
gency care of ill newborns to the maternal and child health
package has been shown to be highly cost-effective in India
(US$11 to US$265 per year of life saved, or US$24 to US$585
per DALY averted) and Sub-Saharan Africa (US$25 to US$360
per year of life saved, or US$46 to US$657 per DALY averted);
however, clinical care will require significant initial investment
to raise coverage.

Basic resuscitation of newborns using a self-inflating bag
that is available for as little as US$5 in LMICs can save lives at
low cost in areas where a midwife is available. Providing two
tetanus toxoid immunizations costing less than US$0.20 each
to all pregnant women would avert more than 250,000 deaths
at low cost and is eminently achievable. Improving maternal
and child health services delivered through a combination of
family- and community-level care, outreach, and clinical care
will improve the survival of newborns and children and reduce
stillbirths and maternal deaths.

Vaccinations. Childhood vaccinations, long recognized as
among the most cost-effective uses of limited health resources
in low-income countries, prevented more than 3 million
deaths in 2001. National immunization programs traditionally
have included vaccines against TB, diphtheria, tetanus, pertus-
sis, poliomyelitis, and measles at a cost per fully immunized
child of US$13 to US$24, depending on coverage levels and
type of delivery strategy. The total cost in developing countries
for national programs in 2001 ranged from US$717 million to
US$1.4 billion, with an estimated cost per death averted rang-
ing by region from under US$275 (under US$10 per DALY
averted) in Sub-Saharan Africa and South Asia to US$1,754
(US$20 per DALY averted) in Europe and Central Asia.

The cost-effectiveness of scaling up immunization coverage
with the traditional Expanded Program on Immunization
(EPI) vaccines is highly dependent on the underlying preva-
lence of illness, starting coverage levels and trajectories, and
mix of delivery strategies (whether facility-based strategies,
campaigns, or mobile and outreach modalities). The cost per
death averted varies by region, from US$162 in Africa to more

than US$1,600 in Eastern Europe. Cost-effectiveness ratios are
less than US$20 per DALY averted in all regions other than
Europe and Central Asia. The cost-effectiveness of the tetanus
toxoid vaccine also varies widely by region from under US$400
per death averted and under US$14 per DALY averted in Sub-
Saharan Africa and South Asia to more than US$190,000 per
death averted and more than US$15,000 per DALY averted in
Europe and Central Asia.

Adding additional antigens to national programs has been
successfully accomplished in many countries. Expanding the
vaccination schedule to include a second opportunity for
measles through either routine or campaign-based approaches
costs between US$23 and US$228 per death averted and under
US$4 per DALY averted in regions other than Europe and
Central Asia. Other new vaccines are less cost-effective because
of their high unit costs per dose, but they may be worthwhile,
especially in regions of high disease prevalence. For instance,
the pentavalent vaccine (diphtheria, pertussis, tetanus,
hepatitis B, and Haemophilus influenzae type B) was estimated
to have a cost per death averted ranging from US$1,433 to
greater than US$40,000 and cost-effectiveness of US$42 per
DALY averted in Sub-Saharan Africa and greater than US$245
per DALY averted in other regions. The cost of adding a yellow
fever vaccine ranges from US$834 per death averted and US$26
per DALY averted in Sub-Saharan Africa to US$2,810 per death
averted and US$39 per DALY averted in Latin America and the
Caribbean.

Because certain regions and countries contain the largest
burden of disease, such as measles in India and Nigeria, target-
ing scarce public health resources to those geographic areas
could potentially yield high returns to investment. Although
immunization may have relatively low incremental cost-
effective ratios, the total budget requirements for maintaining
or increasing coverage rates, as well as for introducing new
vaccines, can account for a large share of government health
budgets.

The cost-effectiveness ratios of vaccination interventions
presented here are based on estimates of their current costs
and effectiveness; but they could change substantially with
changing costs and the development of new interventions. For
instance, multivalent pneumococcal conjugate vaccines have
shown the potential to reduce the incidence of invasive pneu-
mococcal disease while lowering the need for antibiotic use and
the likelihood of drug resistance. The current price of these
vaccines makes them expensive to most people in the develop-
ing world. However, with future price decreases, these vaccines
could be adopted widely and could markedly lower the impact
of the most common causes of morbidity and mortality in
children under five (excluding the neonatal period). Moreover,
new vaccines being developed could be included in the EPI
schedule, including vaccines that protect against rotavirus,
malaria, human papilloma virus associated with cervical
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cancer, HIV/AIDS, and dengue. With future demonstrations of
reasonable cost-effectiveness, these vaccines could become a
component of the set of attractive interventions.

Acute Respiratory Infections. Even though vaccination
strategies can be cost-effective in lowering the disease burden
related to acute respiratory infections, case management may
also be an efficient use of financial resources, although more
demanding of health system capacity. Moreover, community
case management and case management at a health care facil-
ity may be of comparable cost-effectiveness. In fact, treating
nonsevere pneumonia at health care facilities using a combina-
tion of oral antimicrobials and acetaminophen (US$24 to
US$424 per DALY averted) is more cost-effective than a similar
treatment administered at home by a health care worker
(US$139 to US$733 per DALY averted). Treating severe pneu-
monia in a hospital facility is more expensive (US$1,486 to
US$14,719 per DALY averted).

Diarrheal Disease. Among interventions against diarrheal
disease during the first year of life, breastfeeding promotion
programs (US$527 to US$2,001 per DALY averted), measles
immunization (US$257 to US$4,565 per DALY averted), and
oral rehydration therapy (US$132 to US$2,570 per DALY
averted) are relatively cost-effective compared with rotavirus
immunizations (US$1,402 to US$8,357 per DALY averted) and
cholera immunizations (US$1,658 to US$8,274 per DALY
averted). The cost-effectiveness of oral rehydration therapy
is extremely sensitive to the cost of the package. The cost-
effectiveness of this intervention can be as low as US$132 per
DALY averted for an assumed cost per child of US$0.70. An
important reason for the relatively unfavorable cost-
effectiveness ratios for diarrheal disease is that significant
reductions in mortality from this condition have already been
achieved and further gains are likely to be more expensive.

Further improvements in water and sanitation (US$1,118 to
US$14,901 per DALY averted from diarrheal disease) are
generally less cost-effective in regions where access to these
amenities is adequate and other interventions against diarrheal
disease exist. However, in areas with little access to water and
sanitation facilities, improving access can be highly cost-
effective (US$94 per DALY averted for installation of hand
pumps and US$270 per DALY averted for provision and pro-
motion of basic sanitation facilities).

Inherited Disorders of Hemoglobin. Inherited hemoglobin
disorders, including sickle cell anemia and the thalassemias,
affect roughly 500,000 babies born each year and cause early
death for many of them. Prenatal screening for sickle cell dis-
ease, which is expensive, can be replaced by much cheaper
newborn screening. Antibiotic prophylaxis is moderately cost-
effective at preventing death in the first few years (US$8,000 to

US$12,000 per death averted, or US$300 to US$400 per DALY
averted). Expensive interventions, such as bone marrow
transplantation or repeated transfusions, are seldom needed.
At US$10,000 or more per DALY averted, treatment for
transfusion-dependent thalassemias is expensive and probably
unaffordable to all but the rich in LMICs. A feasible strategy to
deal with the thalassemias is to screen couples to determine
their risk of having an affected child, followed by prenatal test-
ing—a relatively expensive proposition—of couples at high
risk. Information is then available to parents to help them
determine whether to terminate the pregnancy. Such strategies
appear to have worked in Cyprus, Greece, and Italy, all coun-
tries that formerly had a high incidence of thalassemias.

Ongoing Challenges: Malaria and Other
Tropical Diseases

Despite health researchers’ relative neglect of diseases predom-
inantly found in the tropics, interventions to control—and in
some cases even eliminate—these diseases rank among the
most cost-effective of all available options.

Malaria. In countries where malaria is prevalent, both preven-
tion and effective treatment of this disease are highly cost-
effective and can result in large health gains. Prevention tools
include insecticide-treated bednets (US$5 to US$17 per DALY
averted) and indoor residual spraying where DDT, malathion,
deltamethrin, or lambda-cyhalothrin is applied to surfaces
inside homes as a spray or deposit for prolonged action (US$9
to US$24 per DALY averted for Sub-Saharan Africa).

Intermittent preventive treatment of malaria during preg-
nancy using sulfadoxine-pyrimethamine is a highly cost-
effective intervention (US$13 to US$24 per DALY averted) to
decrease neonatal mortality and reduce severe maternal ane-
mia. Changing first-line treatment for malaria from chloro-
quine, a drug that is ineffective in many parts of the world, to
artemisinin-based combinations offers the advantage of faster
cures and potential reductions in transmission, with cost-
effectiveness ratios of less than US$150 per DALY averted.
Changing to sulfadoxine-pyrimethamine may be slightly more
cost-effective initially because of the lower cost of this drug
relative to artemisinin-based combinations; however, this
advantage is likely to be eroded quickly because of the rapid
expected growth of parasite resistance.

Lymphatic Filariasis, Onchocerciasis, and Chagas Disease.
Annual mass drug administration to treat the entire population
at risk for a period long enough to interrupt transmission is a
cost-effective approach for eliminating lymphatic filariasis in
areas of high prevalence (US$4 to US$8 per DALY averted). An
alternative approach is to fortify salt with diethylcarbamazine
(USS1 to US$3 per DALY averted) and to use ivermectin in
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countries where onchocerciasis is coendemic. Onchocerciasis
control programs have been highly successful in West Africa:
investigators
community-directed ivermectin treatment programs at
roughly US$6 per DALY averted when the drug has been pro-
vided free of charge. The cost of vector control to prevent—and
perhaps eliminate—Chagas disease has been estimated at
US$260 per DALY averted.

have estimated the cost-effectiveness of

Leishmaniasis and African Trypanosomiasis. Feasible inter-
vention opportunities exist even for tropical diseases for which
control measures are relatively less effective. Improved case
management and immunization (currently undergoing clinical
trials) for dengue (US$587 to US$1,440 per DALY averted)
are relatively cost-effective compared with environmental
vector control (more than US$2,000 per DALY averted).
Leishmaniasis treatment is also extremely cost-effective
(US$315 per death averted and US$9 per DALY averted), as is
treating African trypanosomiasis patients in the second stage of
the disease using melarsoprol or eflornithine (US$10 to US$20
per DALY averted).

Helminthic Infections. Helminthic infections, although not a
major contributor to deaths in tropical regions, have a signifi-
cant effect on health, growth and physical fitness, school
attendance, worker productivity, and earning potential. Mass
school-based treatment of soil-transmitted helminths (Ascaris,
Trichuris, and hookworm) using albendazole costs US$2 to
US$9 per DALY averted. Although the cost of treating
schistosomiasis with praziquantel is significantly greater
(US$336 to US$692 per DALY averted), a combination of
albendazole and praziquantel is extremely cost-effective (US$8
to US$19 per DALY averted).

Maternal and Neonatal Health

Given the hugely disproportionate burden of maternal and
neonatal deaths in LMICs, identifying affordable, easy-to-
implement interventions to prevent these deaths is a priority.
Evidence from South Asia and Sub-Saharan Africa suggests
that improved primary-level coverage with a package of inter-
ventions is extremely cost-effective (US$3,337 to US$6,129 per
death averted and US$92 to US$148 per DALY averted).
Improvements in the quality of prenatal and delivery care are
of similar cost-effectiveness (US$2,729 to US$5,107 per
death averted and US$82 to US$142 per DALY averted). An
important finding is that improving the quality of care and
expanding coverage are of comparable cost-effectiveness.

Improving Nutrition

The direct and indirect effects of undernutrition and
micronutrient deficiencies account for a significant propor-

tion of the overall burden of disease in LMICs. For the most
part, interventions to provide micronutrient supplementation
can prevent malnutrition in children at a fairly low cost. They
include breastfeeding support programs (US$3 to US$11 per
DALY averted and US$100 to US$300 per death averted) and
growth monitoring and counseling (US$8 to US$11 per
DALY averted). Specific micronutrient supplementation pro-
grams can be implemented either by distributing capsules or
by fortifying sugar, salt, water, or other essentials. In address-
ing vitamin A deficiencies, capsule distribution (US$6 to
US$12 per DALY averted) is more cost-effective than sugar
fortification (US$33 to US$35 per DALY averted), especially
in countries where the prevalence of vitamin A deficiency is
low. However, fortification of salt, sugar, and cereal in the case
of iron deficiency and fortification of water and salt in the
case of iodine deficiency is less expensive than distributing
supplements for mild deficiency, though pregnant women
and severely anemic or iodine-deficient people may still
require supplementation. Overall cost-effectiveness is US$66
to US$70 per DALY averted for iron fortification programs
and US$34 to US$36 per DALY averted for iodine fortifica-
tion programs.

Cancer Prevention and Treatment

Screening for breast cancer using clinical breast examination
(CBE) is estimated to be cost-effective at US$552 per life year
saved for biennial screening of women from age 40 to 60. This
efficacy of CBE is related to the large percentage of tumors with
a poor prognosis observed in developing countries. In this set-
ting, CBE is estimated to be more cost-effective than mam-
mography: mammograms every two years result in 10 percent
more life years saved than annual CBE, but the cost is more
than 100 percent greater. As with any screening program, cost-
effectiveness is greater with higher underlying prevalence of
disease.

In general, cancer prevention, when feasible, is far more
cost-effective than treatment. The cost-effectiveness of initial
treatment is between US$1,300 and US$6,200 per year of life
saved for the more treatable cancers of the cervix, breast, oral
cavity, colon, and rectum and between US$53,000 and
US$163,000 per year of life saved for the less treatable cancers
of the liver, lung, stomach, and esophagus. Postmastectomy
radiation might be more cost-effective in developing coun-
tries, where the cost of radiation treatment can be relatively
low compared to developed countries. Palliative care for ter-
minally ill cancer patients can be a challenge in resource-
constrained settings, where opioid drugs, a cost-effective
option, may be in short supply. Studies from developed coun-
tries indicate that more advanced treatments to relieve pain
and side effects of chemotherapy may be cost-effective under
certain conditions.
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Mental and Neurological Disorders

Mental disorders are a heterogeneous group of conditions with
considerable variation in both the cost of the interventions and
the burden reduction associated with such interventions.
Interventions to treat depression, bipolar disorder, and schizo-
phrenia rank among the least cost-effective of interventions
considered in this volume. However, the potentially significant
benefits to family members and to society as a whole are not
captured by the DALY methodology and should be balanced
against the relatively high cost of improving health of people
with these disorders. For many disorders, drug treatment has
been shown to be effective, especially when combined with
psychosocial treatment that includes cognitive-behavioral
approaches to managing symptoms and improving adherence
to medications, group therapy, and family interventions.

Schizophrenia and Bipolar Disorder. Drug treatment
accompanied by psychosocial treatment delivered through a
community-based service was found to be the most cost-
effective approach for severe mental disorders such as
schizophrenia and bipolar disorder. Newer antipsychotic and
mood-stabilizing drugs have recently become less expensive;
even so, they are less cost-effective than drugs that have been
available for many years. For example, family psychoeducation
was much more cost-effective with haloperidol (US$1,743 to
US$4,847 per DALY averted) compared with a newer anti-
psychotic drug (risperidone) in treating schizophrenia
(US$10,232 to US$14,481 per DALY averted). For bipolar
affective disorder, the combination of family psychoeducation
with the older medication lithium (US$1,587 to US$4,928 per
DALY averted) is more cost-effective than the combination of
family psychoeducation with the newer sodium valproate
(US$2,765 to US$5,908 per DALY averted).

Depression and Panic Disorder. Treating the more common
depressive and anxiety disorders was more cost-effective than
treating the more severe disorders; the interventions were less
expensive, and the reduction in disability was greater. For
depression, drug therapy with tricyclic antidepressants
(imipramine or amitriptyline) costs US$478 to US$1,288 per
DALY averted. Managing depression as a chronic illness with
case management to reduce relapses did not greatly decrease
the cost-effectiveness (US$749 to US$1,760 per DALY
averted). Using newer medications with fewer side effects and
potentially greater compliance (an advantage if medications
need to be taken long term)—for example, a generic selective
serotonin reuptake inhibitor (SSRI) such as fluoxetine—
increased the cost somewhat (US$1,229 to US$2,459 per
DALY averted). Finally, the treatment of panic disorder using
tricyclic antidepressants (US$305 to US$619 per DALY
averted) and SSRIs (US$567 to US$865 per DALY averted) was

more cost-effective than when combined with psychosocial
treatment. Psychosocial treatment without drug treatment
was of comparable cost-effectiveness (US$338 to US$927 per
DALY averted).

The use of tricyclic antidepressants was more cost-effective
than benzodiazepines, which are still commonly prescribed for
anxiety disorders and produce dependence in many patients.
Overall, the cost-effectiveness of a package of mental health
interventions that addressed all four sets of disorders is
between US$1,429 and US$2,902 per DALY averted, depending
on the region.

Parkinson’s Disease and Epilepsy. Ayurvedic treatment, a
form of traditional medicine used in India, is relatively cost-
effective in treating Parkinson’s disease (US$750 per DALY
averted). Less cost-effective interventions include a combina-
tion of levodopa and carbidopa (US$1,500 per DALY averted),
which are used to treat the debilitating symptoms and delay the
progress of the disease, and deep-brain stimulation (US$31,000
per DALY averted).

Cost-effective options for treating epilepsy are available,
especially the use of phenobarbital to help control seizures
(US$89 per DALY averted), but few eligible patients receive
treatment. More expensive options, such as lamotrigine or sur-
gery, are significantly less cost-effective than phenobarbital for
first-line treatment; however, they are cost-effective for the
small proportion of epilepsy patients who do not respond to
phenobarbital.

Multipronged Strategy to Prevent and Treat CVD

CVD, including ischemic heart disease, congestive heart failure,
and stroke, is the single most important cause of death world-
wide; interventions to treat CVD are likely to account for
increasingly greater proportions of health care expenditures in
developing countries.

Population-Based Primary Prevention. Interventions to
modify lifestyles can effectively lower the risk of coronary
artery disease and stroke without expensive health infrastruc-
ture. They include lowering the fat composition of the diet,
limiting sodium intake, avoiding tobacco use, and engaging in
regular physical activity. The costs and the effectiveness of these
approaches vary widely with the socioeconomic and cultural
context in which they are contemplated.

Replacing dietary trans fat from partial hydrogenation with
polyunsaturated fat is likely to be extremely effective in popu-
lations in South Asia, where the intake of trans fat is high. If
such replacement is done during manufacture at a relatively
low cost rather than through changes in individual behavior, a
cost-effectiveness ratio of US$25 to US$73 per DALY averted
can be attained. Replacing saturated fat with monounsaturated
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fat in manufactured foods accompanied by a public education
campaign is relatively expensive in the base case (US$1,865 to
US$4,012 per DALY averted), although the cost per DALY
averted is highly sensitive to both the relative risk reduction in
CVD events as well as the cost per individual. Reducing salt in
manufactured foods through a combination of legislation and
education campaigns is also relatively expensive in the base
case (US$1,325 to US$3,056 per DALY averted), but could be
much more cost-effective in high-density populations with a
high salt intake. Little evidence is available on the cost-
effectiveness of programs to encourage exercise and other
behavior changes by individuals.

Personal Interventions. Prevention strategies targeted at indi-
viduals at high risk for CVD—measured as a combination of
nonoptimal blood pressure and cholesterol, lifestyle, and
genetic risk factors—can be effective, especially when imple-
mented in tandem with population-based measures. A previ-
ous cardiovascular event is a reliable predictor of a second
event. The cost-effectiveness of primary prevention of CVD
may vary greatly depending on the underlying risk factors, the
age of the patient, and the cost of medications.

Single-pill combinations of blood pressure—lowering med-
ications, statins, and aspirin offer the potential dual benefit of
being highly effective at lowering the risk of CVD and facilitat-
ing patient compliance with the ongoing drug regimen. A
hypothetical multidrug regimen that includes generic aspirin,
a beta-blocker, a thiazide diuretic, an angiotensin-converting
enzyme (ACE) inhibitor, and a statin may be implemented at a
cost-effectiveness ratio of US$721 to US$1,065 per DALY
averted compared with a baseline of no treatment in a popula-
tion with an underlying 10-year CVD risk of 35 percent. The
use of the multidrug regimen for prevention in patients with a
lower underlying CVD risk improves health benefits, but costs
increase more than proportionately.

Acute Management of CVD. The cost of treating acute
myocardial infarction using aspirin and beta-blockers is less
than US$25 per DALY averted in all regions. Relatively more
expensive interventions that offer marginally greater effective-
ness include the use of thrombolytics such as streptokinase
(US$630 to US$730 per DALY averted) and tissue plasminogen
activator (US$16,000 per DALY averted).

The combination of aspirin and the beta-blocker atenolol
has been shown to be highly cost-effective in preventing the
recurrence of a vascular event. The incremental cost-
effectiveness ratio of sequentially adding an ACE inhibitor such
as enalapril (US$660 to US$866 per DALY averted), a statin
such as lovastatin (US$1,700 to US$2,000 per DALY averted),
and coronary artery bypass graft (more than US$24,000 per
DALY averted) to the baseline therapy is greater when hospital
facilities are available. In regions with poor access to hospitals,

the combination of aspirin and a beta-blocker is highly cost-
effective (US$386 to US$545 per DALY averted). In all regions,
treating congestive heart failure using enalapril and the beta-
blocker metoprolol is also highly cost-effective (approximately
US$200 per DALY averted).

Acute Management and Secondary Prevention of Stroke.
The cost of treating acute ischemic stroke using aspirin is
US$150 per DALY averted. Relatively cost-ineffective interven-
tions involve the use of a tissue plasminogen activator
(US$1,300 per DALY averted) and anticoagulants such as
heparin or warfarin (US$2,700 per DALY averted). Aspirin is
the lowest-cost option for secondary prevention of stroke
(US$3.80 per single percentage point decrease in the risk of a
second stroke within two years or US$70 per DALY averted).
The combination of the antiplatelet medication dipyridamole
and aspirin is equally cost-effective (US$93 per DALY averted).
In contrast, carotid endarterectomy is expensive for secondary
prevention (US$1,500 per DALY averted).

Strategies for Injury Prevention

Increasing economic development and use of motor vehicles
has resulted in increases in traffic-related deaths and injuries;
these events account for roughly a third of the burden from all
unintentional injuries in LMICs.

Speed bumps appear to be the most cost-effective and cost
less than US$5 per DALY averted in all regions if installed at the
most dangerous junctions that account for 10 percent of junc-
tion deaths. Increased speeding penalties, media coverage, and
enforcement of traffic laws are only slightly less cost-effective.
Motorcycle helmet legislation (US$467 per DALY averted
in Thailand), bicycle helmet legislation (US$107 per DALY
averted in China), and improved enforcement of traffic codes
through a combination of enforcement and information cam-
paigns (US$5 to US$169 per DALY averted) are relatively more
expensive but deserve greater attention, given the growing
health burden associated with rising levels of vehicle owner-
ship. Research has demonstrated that seat belts and child
restraints are effective in the developed world, and lowering
their costs and encouraging their routine use may improve
their cost-effectiveness in LMICs.

Key interventions to reduce intentional violence, both self-
inflicted (suicides) and interpersonal (homicides and war-
related deaths), include changing cultural norms, reducing
access to guns, and improving criminal justice and social wel-
fare systems, but these interventions are difficult to evaluate
using a cost-effectiveness framework, and a cost-benefit analy-
sis is more appropriate. Studies of interventions targeting inter-
personal violence in developed countries show that behavioral,
legal, and regulatory interventions cost less than the money
they save, in some cases by an order of magnitude. Providing
shelters for victims of domestic violence in the United States
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has a benefit-cost ratio of 6.8 to 18.4. Implementing a gun reg-
istration law in Canada involved a one-time cost of US$70 mil-
lion, compared with annual health-related costs of US$50 mil-
lion for firearm-related injuries in that country. Interventions
for troubled youths to reduce criminal activity include mentor-
ing (with net benefits ranging from US$231 to US$4,651 per
participant), family therapy (US$14,545 to US$60,721), and
aggression replacement therapy (US$8,519 to US$34,071).

Policy Interventions to Lower Alcohol and Tobacco Use

The growing prevalence of smoking, especially among women
in LMICs, is a serious threat to health. Interventions to reduce
tobacco use are noteworthy not just because they are highly
cost-effective but also because the burden of deaths and dis-
ability that they can avert is large. Tobacco control through tax
increases often has dual benefits of increasing tax revenues as
well as discouraging smoking initiation and encouraging
smokers to quit. The cost-effectiveness of a policy to increase
cigarette prices by 33 percent ranges from US$13 to US$195
per DALY averted globally, with a better cost-effectiveness ratio
(US$3 to US$42 per DALY averted) in low-income countries.
In comparison, nicotine replacement therapy (US$55 to
US$751 per DALY averted) and nonprice interventions, includ-
ing banning advertising, providing health education informa-
tion, and forbidding smoking in public places, are relatively
less cost-effective (US$54 to US$674 per DALY averted) in low-
income countries but are still important components of any
tobacco control program.

In regions with a relatively high prevalence of high-risk
alcohol use—that is, Europe and Central Asia, Latin America
and the Caribbean, and Sub-Saharan Africa—tax increases to
lower alcohol use are extremely cost-effective (US$105 to
US$225 per DALY averted). However, in regions with a lower
prevalence of high-risk use—namely, East Asia and the Pacific
and South Asia—tax-based policies can be among the least
cost-effective interventions (more than US$2,500 per DALY
averted). Advertising bans are among the most cost-effective
(but least studied) of all interventions to reduce high-risk
drinking in all regions (US$134 to US$280 per DALY averted).
In East Asia and the Pacific, a comprehensive ban on advertis-
ing and reduced access to retail outlets are highly cost-effective
interventions (US$123 to US$146 per DALY averted). Random
breath testing is one of the least cost-effective interventions
to reduce the alcohol-related disease burden (US$973 to
US$1,856 per DALY averted). In Sub-Saharan Africa, however,
averting the burden of disease associated with drunk driving is
an important priority and is addressed effectively through such
policies as random breath testing and stricter enforcement of
drunk-driving laws (US$531 per DALY averted). Providing
high-risk drinkers with brief advice from a physician in pri-
mary care settings is of intermediate cost-effectiveness

(US$480 to US$819 per DALY averted) in all regions, but
combining this intervention with a tax on alcohol increases
cost-effectiveness (US$260 to US$533 per DALY averted) in all
regions except Sub-Saharan Africa.

Packaging of Interventions and Services

This section examines the overall cost-effectiveness of a service
level, including all conditions addressed as part of a package
of services, rather than evaluating individual interventions
separately.

Emergency and Hospital Care. The cost per death averted of
training lay first responders and volunteer paramedics is
between US$130 and US$283 (or US$5 to US$11 per DALY
averted) depending on the region. Ambulances outfitted with
trained paramedics can avert deaths at a cost of US$1,148 to
US$3,479 (US$46 to US$137 per DALY averted) in urban set-
tings and US$3,457 to US$10,449 (US$140 to US$410 per
DALY averted) in rural settings. Although the evidence for the
cost-effectiveness of district and referral hospitals is very
limited, it does indicate that basic hospital care at the district
level could be highly cost-effective (US$13 to US$104 per
DALY averted).

Surgery. Some types of surgery are highly cost-effective as part
of a country’s health strategy. These include providing surgical
care to injury victims, including those suffering from head
trauma and burns; handling obstetric complications, such as
obstructed labor or hemorrhage; and undertaking elective sur-
gery to address conditions such as cataracts and otitis media
that have a significant impact on the quality of life. In areas
of high prevalence, cataract surgery can be extremely cost-
effective at roughly US$100 per DALY averted.

Many of these surgical interventions—including improved
resuscitation and airway management using relatively simple
procedures such as chest tubes and tracheostomy, improved
fracture management, and improved management of burns
covering less than 30 percent of the body—require only the
basic facilities offered by district hospitals. The quality of sur-
gery and the risk of complications vary widely, and adequate
health system capacity is an important consideration. For the
typical surgical facility located in a district hospital in an LMIC,
the average cost per DALY averted for a representative set of
surgical procedures is between US$70 and US$230. General
surgery at the district hospital is cost-effective relative to other
interventions in South Asia and Sub-Saharan Africa because of
the relatively low input costs related to infrastructure and the
high level of the avertable disease burden. Examples of surgical
interventions with poor cost-effectiveness include first-line
treatment of epilepsy with surgery, which is useful only
to patients who do not respond to drug treatment, and
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percutaneous transluminal coronary angioplasty for cardiovas-
cular events.

Integrated Management of Childhood Illnesses. An inter-
vention package consisting of exclusive breast feeding; vitamin
A and zinc supplementation; screening for immunization; and
case management of pneumonia, malaria, and diarrhea,
including oral rehydration therapy, costs approximately
US$4.10 per child in Sub-Saharan Africa and is a cost-effective
approach (US$38 per DALY averted) to improving the health
of children under five when program coverage is 50 percent.

Value of Doing Things Better

Intervention quality is an important determinant of cost-
effectiveness, and improving quality can be an efficient way to
use resources. Community health status tends to be correlated
with the quality of health service facilities, which can be
enhanced even in resource-constrained settings. Indeed,
resource-poor settings have the greatest potential for improving
quality at low cost. In the case of acute respiratory infections,
for example, the cost-effectiveness of improving the quality of
care by implementing an educational activity for providers
ranges from US$132 to US$800 per life saved (US$4 to US$28
per DALY averted) when initial intervention quality is poor
and infections are widespread. Quality improvements can cost
between US$2,000 and US$5,000 per life saved (US$70 to
US$176 per DALY averted) with improved baseline quality, low
disease prevalence, or both. Educational interventions to
improve the quality of diarrhea treatment can be extremely
cost-effective (less than US$18 per DALY averted) depending
on these two factors.

Regional Analyses for South Asia and Sub-Saharan Africa

Given the significant health burden borne by countries in
South Asia and Sub-Saharan Africa, cost-effectiveness informa-
tion for interventions related to high-burden health conditions
is presented for these two regions. In South Asia (figure 2.4),
CVD-related interventions, including tobacco taxes, treatment
of acute myocardial infarction with aspirin and beta-blockers,
and increasing coverage of the EPI program, rank among the
most cost-effective interventions. Treatment of latent TB, coro-
nary artery bypass graft for ischemic heart disease, treatment of
depression, and cholera immunization to prevent diarrheal dis-
ease rank among the least cost-effective. Vitamin A deficiency,
leprosy, and epilepsy are important conditions that impose a
relatively lower burden of DALYs on this region, but a number
of highly cost-effective interventions to deal with each of these
conditions could be scaled up.

In Sub-Saharan Africa (figure 2.5), HIV/AIDS and malaria
rank among the highest-burden conditions. Of the 16 most

cost-effective interventions addressing high-burden diseases, 8
are associated with these two sources of ill health alone. Other
interventions that are both cost-effective and address high-
burden diseases include nutritional support (including breast-
feeding advice for mothers) for children under the age of four,
and increasing coverage of the EPI. Oral rehydration therapy
for diarrheal disease can be cost-effective if the cost of the
package is relatively low (that is, less than US$1 per child per
treatment).

Table 2.2 identifies interventions relevant to South Asia and
Sub-Saharan Africa that have been evaluated in this volume
and have the greatest potential to reduce the burden of disease
in those regions at an affordable price.’ The table also high-
lights interventions that address conditions that account for a
moderate to high burden of disease but at a relatively high cost.

Personal versus Population-based Interventions

Figure 2.6 displays a histogram of intervention clusters catego-
rized as either population based or personal (see annex 2.A for
definitions). A greater number of personal intervention clusters
than population-based intervention clusters are categorized as
being highly cost-effective. Although this result may be partly
an artifact of the way in which we have grouped interventions
into clusters, it lends some support to the observation first
made in the first edition of Disease Control Priorities in
Developing Countries (Jamison and others 1993) that personal
interventions are not necessarily less cost-effective than
population-based interventions. Population-based interven-
tions are cost-effective when effectively targeted to populations
in which disease prevalence (or the potential prevalence and
subsequent mortality if the interventions are not imple-
mented) is high. For example, primary prevention of acute
myocardial infarction using aspirin is not nearly as cost-
effective as secondary prevention in patients who have already
suffered a stroke or myocardial infarction, because this latter
category has, by virtue of the first event, identified itself as
being at higher risk than the general population. Similarly,
malaria prevention programs will be highly cost-effective in
areas where malaria is a serious problem but less so in countries
where the burden of this disease is less and people are better
served by treatment with an effective antimalarial.

DISCUSSION

Since the publication of the previous edition of this book, the
epidemiological and demographic profiles of many LMICs and
the range of available health interventions have changed signif-
icantly. This edition has the benefit of hindsight in looking
back at the variety and affordability of interventions that were
evaluated in the previous edition, both to see how the optimal
mix of strategies may have changed in the intervening period
and to ascertain trends.
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Figure 2.6 Distribution of Interventions in LMICs by Cost-
Effectiveness Ratio

Lessons

Three lessons are broadly applicable. They relate to communi-
cable diseases, noncommunicable diseases, and technological
progress.

Communicable Diseases. Interventions to treat communica-
ble diseases have been highly cost-effective in the past and
remain so despite new challenges, such as drug-resistant
pathogens and vectors. Although much progress has been
made in lowering the burden of disease associated with
vaccine-preventable illnesses, diarrhea, and to a lesser extent
with acute respiratory infections, progress made on other dis-
eases, such as malaria and TB, has been rolled back by such
challenges as parasite resistance in the case of malaria and the
HIV epidemic in the case of TB. An important exception may
be diseases for which vaccines have been available, where sig-
nificant gains in health have been achieved. In general, dis-
cerning a link between the availability of effective, affordable
interventions in 1993 and a significant effect on the disease
burden since that time is difficult because of the problem in
defining the appropriate counterfactual of what would
have happened in the absence of interventions that were
implemented.

Noncommunicable Diseases. Compared with 13 years ago,
many more cost-effective interventions have been evaluated
and are being used for noncommunicable diseases, which
continue to grow in importance as populations undergo the
epidemiological transition. Many of these interventions have
been available for more than a decade; however, their costs
have dropped as key drugs have gone off patent. Acute man-
agement of stroke and myocardial infarction using aspirin,

beta-blockers, and nitroglycerin costs as little as US$15 to
US$30 per DALY averted and ranks among the most cost-
effective interventions available in LMICs. Even though many
of the interventions were first developed in the industrial
world, their benefits are now largely available in the develop-
ing world. Thus, the challenge lies in the ability of health care
systems in LMICs to adopt these interventions on a large
scale.

Technological Progress. Much progress has been made in sci-
entific understanding and in the availability of affordable,
population-based and personal interventions for preventing
and treating HIV/AIDS; however, adequate scaling up of these
interventions remains a challenge, with a few notable excep-
tions. The international health system has shown remarkable
technological agility in responding to this epidemic, demon-
strating that the world’s scientific-industrial machinery is
capable of rising to the challenge of emerging diseases when
there is sufficient economic motivation for doing so. For
instance, combination antiretroviral treatments are currently
available for as little as US$150 for a year’s supply in some
countries. In contrast, monotherapy with zidovudine, or AZT,
which was the standard of care 10 years ago, was less effective,
more expensive, and much more prone to drug resistance. As
before, the challenge does not appear to be in the availability
of interventions either to prevent infection in adults or to
effectively ensure against transmission from infected mothers
to newborns. Rather, the challenge lies in the willingness and
ability to fund and deploy the interventions effectively. Clearly,
much more remains to be done to develop affordable treat-
ments. However, without a vaccine, the only feasible solution
appears to be to aggressively prevent further transmission
while treating patients under well-implemented programs that
can achieve the high rates of treatment adherence required to
maintain the continued effectiveness of drug therapy.” More
generally, the challenge of motivating technological advances
for diseases that do not threaten the developed world remains
to be addressed.

Importance of Health Systems

In describing efficient means of producing health, this chap-
ter has said little about how such efficiency may be translated
into practice. The overall cost-effectiveness of a service level
or package of interventions, rather than the cost-effectiveness
of individual interventions, is the appropriate indicator to
determine which interventions should be used. From a plan-
ning point of view, taking the infrastructure as fixed, at least
in the immediate future, and then asking how it can best be
used to deliver the most cost-effective interventions might be
sensible. Where infrastructure is limited, expanding access will
have to take priority. Other factors related to health system
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Table 2.2 Neglected Low-Cost Opportunities and High-Cost Interventions in South Asia and Sub-Saharan Africa

Neglected low-cost opportunities in South Asia Cost Thousands of DALYs Burden of target
per DALY averted®® per 20% diseases® (millions
averted® (US$) increase in coverage of DALYs)

CHILDHOOD IMMUNIZATION
Additional coverage of traditional Expanded Program on Immunization 8 n.e. 284
(tuberculosis, diphtheria-pertussis-tetanus, polio, measles)

HIV AND AIDS

Voluntary counseling and testing

Peer-based programs targeting at-risk groups (e.g., commercial

sex workers) to disseminate information and teach specific skills 9-126 n.e. 1.4

School-based interventions that disseminate information to students

Prevention of mother-to-child-transmission with antiretroviral therapy

SURGICAL SERVICES AND EMERGENCY CARE

Surgical ward in a district hospital, primarily for obstetrics, trauma

and injury 6-212 at least 1.8 48.0-146.3

Staffed community ambulance

Training of lay first responders and volunteer paramedics

TUBERCULOSIS

Childhood vaccination against endemic TB

Directly observed short-course chemotherapy 8-263 n.e. 139

Isoniazid treatment of epidemic TB

Management of drug resistance

LOWER ACUTE RESPIRATORY ILLNESSES OF CHILDREN UNDER FIVE

Community- or facility-based case management of non-severe cases

Case management package including community- and facility-based 28-264 0.7-1.8 9.7-26.4

care for non-severe cases and hospital-based care for severe cases

CARDIOVASCULAR DISEASES

Management of acute myocardial infarction with aspirin and

beta-blocker

Primary prevention of coronary artery disease with legislation

substituting 2% of trans fat with polyunsaturated fat, at

$0.50 per adult

Secondary prevention of congestive heart failure with 9-304 at least 0.1 25.9-39.1

angiotensin-converting enzyme inhibitors and beta-blockers

incremental to diuretics

Secondary prevention of myocardial infarction and stroke with

polypill containing aspirin, beta-blocker, thiazide diuretic,

angiotensin-converting enzyme inhibitor, and statin

TOBACCO USE AND ADDICTION

Tax policy to increase price of cigarettes by 33 percent

Non-price interventions such as advertising bans, health information 14-374 at least 2.5 15.7

dissemination, tobacco supply reductions, and smoking restrictions

Nicotine replacement therapy

MATERNAL AND NEONATAL CARE
Increased primary care coverage
Improved quality of comprehensive emergency obstetric care 127-394 at least 1.3 37.7-47.8

Improved overall quality and coverage of care
Neonatal packages targeted to families, communities, and clinics
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Table 2.2 (Continued)

Neglected low-cost opportunities in Sub-Saharan Africa

Cost
per DALY
averted® (US$)

Thousands of DALYs
averted®® per 20%
increase in coverage

Burden of target
diseases?® (millions
of DALYs)

CHILDHOOD IMMUNIZATION
Second opportunity measles vaccination®
Additional coverage of traditional Expanded Program on Immunization
(tuberculosis, diphtheria-pertussis-tetanus, polio, measles)

n.e.

13.5-31.3

TRAFFIC ACCIDENTS

Increased speeding penalties, media, and law enforcement
Speed bumps at the most dangerous traffic intersections

n.e.

6.4

MALARIA

Insecticide-treated bed nets*
Residual household spraying®
Intermittent preventive treatment during pregnancy®

20.8-37.6

354

SURGICAL SERVICES AND EMERGENCY CARE
Surgical ward in a district hospital, primarily for obstetrics, trauma

and injury

Staffed community ambulance
Training of lay first responders and volunteer paramedics

1-215

1.6-21.2

25-134.2

CHILDHOOD ILLNESSES
Integrated management of childhood illnesses®
Case management of non-severe lower acute respiratory illnesses
at the community or facility level
Case management package including community- or facility-based
care for non-severe cases and hospital-based care for severe
lower acute respiratory illnesses

Breastfeeding support to prevent underweight children®

9-218

at least 1.2

9.6-45.1

CARDIOVASCULAR DISEASE
Management of acute myocardial infarction with aspirin and beta-blocker
Primary prevention of coronary artery disease with legislation
substituting 2% of trans fat with polyunsaturated fat, at $0.50 per adult
Secondary prevention of congestive heart failure with angiotensin-
converting enzyme inhibitors and beta-blockers incremental to diuretics
Secondary prevention of myocardial infarction and stroke with
polypill containing aspirin, beta-blocker, thiazide diuretic,
angiotensin-converting enzyme inhibitor, and statin

9-273

at least 0.04

46

HIV AND AIDS

Peer-based programs targeting at-risk groups (e.g., commercial

sex workers) to disseminate information and teach specific skills
Voluntary counseling and testing

Diagnosis and treatment of sexually-transmitted diseases®

Condom promotion and distribution®

Prevention and treatment of tuberculosis co-infection®

Blood and needle safety programs®

Prevention of mother-to-child transmission with antiretroviral therapy

6-377

n.e.

56.8

MATERNAL AND NEONATAL CARE
Increased primary care coverage
Improved quality of comprehensive emergency obstetric care
Improved overall quality and coverage of care
Neonatal packages targeted to families, communities, and clinics

82-409

at least 2.8

29.8-37.7

(Continues on the following page.)
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Table 2.2 (Continued)

High-cost interventions in South Asia

Cost
per DALY
averted® (US$)

Thousands of DALYs
averted®® per 20%
increase in coverage

Burden of target
diseases?® (millions
of DALYs)

DEPRESSION

Episodic treatment with newer antidepressant drug (selective
serotonin reuptake inhibitors)

Episodic or maintenance psychosocial treatment plus treatment with
newer antidepressant drug (selective serotonin reuptake inhibitors)

1,003-1,449

0.4-0.8

14.6

HIGH BLOOD PRESSURE AND CHOLESTEROL

Primary prevention of stroke and ischemic and hypertensive heart
disease with aspirin, beta-blocker, and statin, incremental to
policy-induced behavior change, at 15 percent risk of CVD event
over 10 years

Primary prevention of stroke and ischemic and hypertensive heart
disease with a polypill, containing aspirin, beta-blocker, thiazide
diuretic, angiotensin-converting enzyme inhibitor, and statin, at
15 percent risk of CVD event over 10 years

1,120-1,932

at least 6.7

48.6

LIFESTYLE DISEASES
Primary prevention of diabetes, ischemic heart disease, and stroke
through policy that replaces saturated fat with monounsaturated fat
in manufactured foods, accompanied by a public education campaign
Primary prevention of diabetes, ischemic heart disease, and stroke
through legislation that reduces salt content plus public education

1,325-1,865

395

STROKE (ISCHEMIC)

Acute management with recombinant tissue plasminogen
activator with 48 hours of onset

Acute management with heparin within 48 hours of onset

Secondary prevention with carotid endarterectomy

1,630-2,967

0.03-0.4

2.2-92

DIARRHEAL DISEASES

Oral rehydration therapy if the package cost is greater than
US$2.30 per child per episode

Rotavirus or cholera immunization

500-6,390

0.02-2.5

22.3

TUBERCULOSIS
Isoniazid treatment for latent endemic TB in patients uninfected with HIV

5,588-9,189

n.e.

139

SCHIZOPHRENIA AND BIOPOLAR DISORDER
Antipsychotic medication and psychosacial treatment for schizophrenia

Valproate and psychosocial treatment for bipolar disorder

1,743-17,702

0.02-0.12

2.2-29

CARDIOVASCULAR DISEASES
Management of acute myocardial infarction with streptokinase or
tissue plasminogen activator, incremental to aspirin and beta-blocker

Secondary prevention of ischemic heart disease with statin,
incremental to aspirin, beta-blocker, and angiotensin-converting
enzyme inhibitor

Secondary prevention of ischemic heart disease with coronary
artery bypass graft

638-24,040

0.04-0.3

259

56 | Disease Control Priorities in Developing Countries | Ramanan Laxminarayan, Jeffrey Chow, and Sonbol A. Shahid-Salles



Table 2.2 (Continued)

High-cost interventions in Sub-Saharan Africa Cost Thousands of DALYs Burden of target
per DALY averted™ per 20% diseases® (millions
averted® (US$) increase in coverage of DALYs)

DIARRHEAL DISEASES

Oral rehydration therapy if the cost per episode is greater 500-1,658 0.1-4.6 22
than US$2.80 per child

Rotavirus or cholera immunization

HIV AND AIDS
Home care treatment® 673-1,494 n.e. 56.8

Antiretroviral therapy in populations with low adherence®

TRAFFIC ACCIDENTS
Random driver breath tests
Enforcement of seatbelt laws 973-2,146 at least 0.05 6.2-6.4
Child restraint promotion

HIGH BLOOD PRESSURE AND CHOLESTEROL

Primary prevention of stroke and ischemic and hypertensive heart disease 1,920 ne. 10.6
with aspirin, beta-blocker, and statin, incremental to policy-induced
behavior change, at 15 percent risk of CVD event over 10 years

LIFESTYLE DISEASES

Primary prevention of diabetes, ischemic heart disease, and stroke
through policy that replaces saturated fat with monounsaturated fat
in manufactured foods, accompanied by a public education campaign 1,766-2,356 14-18 9.6

Primary prevention of diabetes, ischemic heart disease, and stroke
through legislation that reduces salt content plus public education

STROKE (ISCHEMIC)

Acute management with recombinant tissue plasminogen activator
within 48 hours of onset 1,284-2,940 0.02-0.3 0.9-36

Acute management with heparin within 48 hours of onset

Secondary prevention with carotid endarterectomy

TUBERCULOSIS

Isoniazid treatment for latent endemic TB in patients uninfected 4,129-5,506 n.e. 8.1
with HIV

CARDIOVASCULAR DISEASES

Management of acute myocardial infarction with streptokinase or

tissue plasminogen activator, incremental to aspirin and beta-blocker

Secondary prevention of ischemic heart disease with statin, incremental 634-26,813 0.03-0.2 46
to aspirin, beta-blocker, and angiotensin-converting enzyme inhibitor

Secondary prevention of ischemic heart disease with coronary artery
bypass graft

Source: Authors.

n.e. = not evaluated.

a. Ranges represent variation in point estimates of cost-effectiveness, DALYs averted, or burden of disease among the different interventions listed in each group. Point estimates of cost-effectiveness
and DALYs averted were obtained directly from the relevant chapters or calculated as the midpoint of range estimates reported in the chapters. Burden of disease were obtained from the relevant
chapters and from Mathers and others 2006.

b. Avertable DALYs per 20% increase in treatment coverage in a hypothetical sample population of one million people.

c. Only evaluated for Sub-Saharan Africa.
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capacity and infrastructure may play a key role in determin-
ing the adoption of interventions. The current evidence on
the cost-effectiveness of service levels such as district or refer-
ral hospitals is weak. Even though part of the problem lies
with the difficulty of valuing the health benefits these facilities
produce, more could be done. Chapter 3 presents a more
detailed discussion of issues pertaining to health systems, but
the broader questions of why some cost-effective interven-
tions are used while others are not is a subject for future
inquiry.

Even though much of the technology to significantly reduce
the burden of disease already exists, few cost-effective interven-
tions are available for some diseases. Shaping research priorities
in a manner that is responsive to the treatment needs of the
millions of HIV/AIDS patients and of people suffering from
mental disorders across the range of LMICs is a challenge.

Setting intervention priorities efficiently can make a dollar
go farther in improving health and can substantively increase
available resources. Moreover, without demonstrably improved
efficiency in health spending, aid agencies and development
partners are unlikely to be persuaded to dig deeper into their
pockets to pay for further expansions of health programs.
Improving efficiency should not, however, detract from the
importance of increasing resources that are available for
implementing these interventions and of meeting broader

internationally agreed-upon development goals such as the
Millennium Development Goals. These objectives are comple-
mentary.

The lack of reliable data on costs and effectiveness is an
important obstacle to efficient priority setting. Despite the rel-
atively good data on the efficacy of interventions in clinical trial
settings, reliable effectiveness data are generally lacking.
Furthermore, not enough is known about the costs, extent of
coverage, and institutional capacity requirements of interven-
tions in developing countries. The messages presented in this
chapter represent the best available information about the
relative costs of purchasing health through a wide range of
interventions. The challenge that lies ahead is for these mes-
sages to move beyond the academic realm: ultimately, it is the
extent to which policy makers make the commitment to act on
them that will save lives.
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ANNEX 2.A: INTERVENTION CATEGORIES AND
PERTINENT POLICY INSTRUMENTS

The term intervention is used to denote actions taken by or for
individuals to reduce the risk, duration, or severity of an
adverse health condition. Policy instruments encourage, dis-
courage, or undertake interventions. Stopping smoking, for
example, is an intervention that an individual can take to
reduce his or her risk of a range of diseases, and taxing tobacco
products is a potential instrument of government policy to
encourage this intervention. Interventions are divided into
those that are population based and those that are personal as
follows:

+ Population-based primary prevention is directed toward
entire populations or population subgroups. These inter-
ventions fall into three broad categories: personal behavior
change, control of environmental hazards, and population-
oriented medical interventions (for example, immuniza-
tion, mass chemoprophylaxis, and screening and referral).

+  Personal interventions are directed toward individuals and
can be provided at home; at clinics (community, private,
work-based, or school-based); at district hospitals; or at
referral hospitals.

Primary prevention aims at reducing the level of one or
more identified risk factors to reduce the probability of the ini-
tial occurrence of a disease (for instance, providing medication
for established hypertension to prevent stroke or myocardial
infarction).

Cure of a condition aims at removing the cause and restor-
ing function to what it was before.

Acute management consists of time-limited interventions
that decrease the severity of acute events or the level of
established risk factors to minimize their long-term effect (for
instance, providing thrombolytics for acute myocardial
infarction or angioplasty to reduce stenosis in coronary
arteries).

Secondary prevention (or chronic care) consists of ongoing
interventions aimed at decreasing the severity and frequency of
recurrent events of chronic or episodic diseases (for instance,
providing selective serotonin reuptake inhibitors for severe
unipolar depression).

Rehabilitation aims at restoring or partially restoring physi-
cal, psychological, or social function resulting from a previous
condition.

Palliation aims at reducing pain and suffering from a condi-
tion for which no cure or means of rehabilitation is currently
available. It may range from the use of aspirin for headaches to
the use of opiates to control terminal cancer pain.

Policy instruments are activities that governments or other
entities that wish to encourage or discourage interventions or
to expand the potential interventions could undertake. The fol-
lowing are five major instruments of policy:

+ Information, education, and communication seek to
improve the knowledge of individuals and service providers
about the consequences of their choices.

+ Taxes and subsidies on commodities, services, and pollu-
tants seek to effect appropriate behavioral responses.

+ Regulation and legislation seek to limit the availability of
certain commodities, to curtail certain practices, and to
define the rules governing the financing and provision of
health services.

+ Direct expenditures seek to provide or to finance the provi-
sion of selected interventions (such as immunizations); to
provide infrastructure (for instance, medical schools) that
facilitates the provision of a range of interventions; or to
alter infrastructure so as to influence behavior (for example,
by installing speed bumps).

+ Research and development, either undertaken directly or
encouraged through subsidies, are central to the goal of
expanding the range of interventions available and reducing
their costs.

Source: This annex was prepared by Thomas Gaziano, Dean
Jamison, and Sonbol Shahid-Salles.

ANNEX 2.B: SUMMARY OF INTERVENTIONS

Table 2.B.1 summarizes personal interventions. A summary of
population-based interventions is shown in table 2.B.2.

ANNEX 2.C: SUMMARY OF OTHER
INTERVENTIONS

Table 2.C.1 summarizes personal interventions for which cost-
effectiveness is evaluated using a measure other than $/DALY
averted. A summary of population-based interventions
evaluated using measures other than DALYs is shown in table
2.C.2.
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NOTES

1. Few other cost-effectiveness studies have covered a similarly exten-
sive set of health interventions (Dixon and Welch 1991; Jamison and oth-
ers 1993; Tengs and others 1995), and only one of those studies makes these
comparisons on a global scale (Jamison and others 1993). The current
World Health Organization project CHOICE (Choosing Interventions
That Are Cost-Effective) is a parallel effort to make such global compar-
isons (Murray and others 2000; http://www.who.int/evidence/cea).

2. Of these 319 cost-effectiveness estimates, 257 were in terms of
U.S. dollars per DALY and therefore comparable. Interventions with cost-
effectiveness in terms of dollars per DALY were grouped into 121 inter-
vention clusters to facilitate analyses and presentation.

3. Health system capacity is often used to describe both the level of care
(primary, secondary, and tertiary) and the institutional and organizational
capacities. We use the term to refer to the latter.

4. Chapter 15 presents a fuller discussion of these methods. Note that
not all chapters have used these standardized costs. Furthermore, the
analyses have used U.S. dollars rather than purchasing-power parity dol-
lars (which provide a better measure of input resource intensity and are
less susceptible to exchange rate fluctuations) in order to provide a mone-
tary estimate that may be more useful to policy makers and donors.

5. Noneconomic reasons for maintaining certain interventions can
include retaining key technical skills that may be required in the future
and may lead to the development of new methods that may be more
cost-effective (see chapter 66 on referral hospitals for a more in-depth
discussion).

6. Some interventions with high potential to reduce the burden of dis-
ease may have been excluded due to the way their cost-effectiveness ratios
were calculated. For example, nutrition-related interventions are excluded
from the table because those evaluated in the volume address either vita-
min A deficiency or iodine deficiency both of which are associated with
low avertable burden. Also, only the burden children age 0 to 4 was con-
sidered, further lowering the avertable burden. Another example is of
the integrated management of infant and childhood illness, which is eval-
uated for Sub-Saharan Africa but not for the South Asia Region.

7. The second and third observations speak more generally to the
global public goods nature of health research (see chapter 4 for an in-
depth discussion). In relation to both HIV/AIDS and noncommunicable
diseases, the responsiveness of the medical research system to threats to
populations in developed countries has the potential to bring great bene-
fits to people living in LMICs.
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